Biophysical characteristics of salt marshes are primary indicators of their photosynthetic capacity, nitrogen content, and physiological status. These include the four main characteristics of canopy chlorophyll content: green leaf area index (ratio of green foliage area to ground area), green vegetation fraction (percent green canopy cover), green biomass (which also act as proxies for estimating net primary productivity -NPP), and carbon sequestration potential. Monitoring these characteristics through remotely sensed data can help infer the overall condition and productivity of these valuable natural resources on a larger scale. This would allow effective management strategies in high priority areas. Our research aims to enhance the marsh monitoring practices by including biophysical characteristics (the true early indicators of marsh health status) derived accurately from information such as NASA's moderate resolution imaging spectroradiometer (MODIS) 250m and 500m data.
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Our objectives were to calibrate and test a suite of MODISbased vegetation indices (VIs) and develop prototype weekly composites of the salt marsh biophysical characteristics for the entire US Gulf Coast from 2000 to 2010. We then planned to perform a time-series analysis to study the overall trend of salt marsh productivity during the last decade. These VIs (normal difference, wide dynamic range, enhanced, soil-adjusted, etc.) have been widely used and tested for monitoring terrestrial vegetation, but not for salt marsh ecosystems. Our VI calibration and tuning came from establishing relationships between MODIS 250m or 500m data and field data in order to predict the four marsh biophysical characteristics mentioned above.
We used atmospherically corrected MODIS 8-day surface reflectance products (250m and 500m), and in situ measurements of biophysical data from 182 locations covering four states (LA, MS, AL, FL). Preliminary analysis revealed that the accuracy of the MODIS-based salt marsh VI calibration depends primarily on three factors: the accuracy of the field data collection, the
Figure 1. (a) The dual-headed OceanOptics sensor mounted on a 5m (16ft) high frame. (b, c) Instantaneous field of view (spatial resolution) of the sensor (diameter: 2.2m). (d) In situ sensor calibration.
number of field samples within a MODIS pixel (for accurate representation), and the nature of the MODIS pixel in terms of homogeneity of marsh species, growth status, and absence of large open water areas. We conducted 14 field campaigns covering two dominant salt marsh species (Spartina alterniflora, Juncus romerianus) in the region. The in situ data collected (see Figure 1 ) from each location included: 1 top of canopy reflectance using a hyperspectral radiometer; leaf-level chlorophyll content reading using a chlorophyll meter; 2 green leaf area index readings using a leaf area index plant canopy analyzer, 3 ceptometer, 4, 5 and digital photographs; canopy-level chlorophyll content using chlorophyll upper leaf area index techniques (the technique varies from species to species); 4 vegetation fraction readings using digital photographs; 6 and above-ground biomass (g/m 2 ). A detailed explanation of the field data collection techniques can be found in a previously published study where we used similar techniques to model the impact of the British Petroleum oil spill in the Gulf of Mexico on salt marshes in Louisiana. 7 Based on comparative correlation coefficients (r 2 /, the percent root mean squared error (%RMSE), and the residual trend's wide dynamic range VI, we chose (˛D 0.1, a red and near IR band normalization index with a fractional coefficient applied to the near IR band) 8 to estimate biophysical parameters from the 250m dataset. We chose a visible atmospheric resistant index 9 to predict biophysical parameters from the 500m dataset. After successful calibration and validation, we used the best-fit models to develop time series composites of MODIS-based biophysical map products for the growing seasons (April-October) from 2000-2010, both for the 250m and 500m datasets (see Figure 2 ).
Approximately 2500 maps were generated combining 250m and 500m resolution data for the 10-year duration. These maps enable the end user to analyze the temporal variations in biophysical characteristics observed in the salt marsh habitat in the northern Gulf of Mexico during the last decade. The maps also highlight areas that show signs of degradation after a natural or anthropogenic event, indicating that they are in need of immediate restoration or that the effectiveness of the previous restoration projects needs to be monitored. We constructed phenological plots for selected locations in order to study biophysical characteristic variations over the growing seasons from 2000-2010 (see Figure 3) . Our ultimate goal is to use these biophysical characteristics in NPP prediction models to produce maps of spatial distribution (species dependent and species invariant) and analyze the changes in carbon sequestration potential of the salt marshes after natural and anthropogenic disasters. Therefore, we have been conducting experiments at the same sampling locations used for MODIS calibrations to acquire atmospheric and soil CO 2 flux data using eddy covariance and soil flux instruments. In natural conditions, photosynthesis depends on CO 2 coming from three sources, the atmosphere, soil, and the plant itself. Assuming that CO 2 released by respiration is merely reused in photosynthesis, we intend to implement a combination automated soil flux system and open-path CO 2 /H 2 O analyzer [10] [11] [12] to estimate soil respiration and atmospheric CO 2 flux. The instruments will provide reasonable estimates of the net ecosystem exchange of CO 2 between the soil/atmosphere and vegetation/atmosphere interface (see Figure 4 ). Our future research will combine this net ecosystem exchange flux data with marsh biophysical data to map the spatio-temporal variability of NPP and carbon sequestration potential in the salt marsh ecosystem.
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